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outgoing time domain symbols only during said predetermined time interval, comprising means 
for continuously calculating filter coefficients from the outgoing time domain signals received 
and transmitted on the subscriber line. 

3. The system of claim 1, w^herein the predetermined time interval is equal to a 
maximum delay betv^een the incoming and outgoing time domain symbols. 

4. The system of claim 1 , further comprising: 

a FIFO memory receiving the outgoing time domain symbols; 

a subtracter arranged for subtracting the outgoing time domain symbols from output of 
the FIFO memory; 

a filter receiving output of the subtracter and enabled only during said predetermined 
time interval fi-om an end of each outgoing time domain symbol; and 

an adder receiving the output of the filter and said incoming time domain symbols. 

5. The system of claim 4, wherein the FIFO memory has a size for storing only a 
beginning portion of each outgoing time domain symbol, is write-enabled during said 
predetermined time interval from the begirming of each outgoing time domain symbol, and read- 
enabled during said predetermined time interval fi-om the end of each outgoing time domain 
symbol. 

6. In a digital subscriber line (DSL) transmission system in v^hich at least a first 
outgoing symbol and a second outgoing symbol are successively transmitted, at least one 
incoming symbol is received, and an echo of the first outgoing symbol and an echo of the second 
outgoing symbol are successively received as part of an echo signal, a method comprising an act 
of: 

(A) making sub-carriers of a first portion of the echo signal, the first portion being 
less than all of the echo signal, orthogonal to sub-carriers of the at least one incoming symbol by 
replacing a the first portion of the echo of the second outgoing symbol with an estimation of a 
first portion of the echo of the first outgoing symbol. 
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8. The method of claim 7 wherein: 

the first outgoing symbol and the second outgoing symbol have a same total length; and 
the length of the first portion of the echo of the second outgoing symbol and the first portion of 
the echo of the first outgoing symbol does not exceed 5% of the total length. 

15. In a digital subscriber line (DSL) transmission system in which at least a first 
outgoing symbol and a second outgoing symbol are successively transmitted, at least one 
incoming symbol is received, and an echo of the first outgoing symbol and an echo of the second 
outgoing signal are successively received as part of an echo signal, an apparatus comprising: 

a circuit to make sub-carriers of a first portion of the echo signal, the first portion being 
less than all of the echo signal, orthogonal to sub-carriers of the at least one incoming symbol, 
the circuit operative to replace a the first portion of the echo of the second outgoing-symbol with 
an estimation of a first portion of the echo of the first outgoing symbol. 

The changes made by Examiner's amendment, found on page 2 and attachment A of the 
Supplemental Notice of Allowance mailed from the Patent Office on June 19, 2006, were not 
incorporated into the issued patent, U.S. Patent No. 7,103,015. 

Patentees respectfully submit that, since the errors for which a Certificate of Correction is 
sought was the result of Patent Office mistake, no fee is due. However, if the Examiner deems a 
fee necessary, the fee may be charged to the account of the undersigned, Deposit Account No. 



Transmitted herewith is a proposed Certificate of Correction effecting such amendment. 
Patentee respectfiiUy solicits the granting of the requested Certificate of Correction. 
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Page 1 of 3 

PATENT NO. 7,103,015 
APPLICATION NO. 09/517,417 
ISSUE DATE September 5, 2006 

INVENTOR(S) Olivier Isson and Tomas Nordstrom, 



It is certified that an error appears or errors appear in the above-identified patent and that 
said Letters Patent is hereby corrected as shown below: 

On the title page item (75) should read: 

(75) Inventors: Olivier Isson. La Tronche (FR); Lulea (SB) 

Claims 2-6, 8, and 15 should read: 

2. The system of claim 1 , further comprising: 

a finite impulse response filter having a size adapted for processing samples of 
the outgoing time domain symbols only during said predetermined time interval, 
comprising means for continuously calculating filter coefficients from the outgoing time 
domain signals received and transmitted on the subscriber line. 

3. The system of claim 1, wherein the predetermined time interval is equal 
to a maximum delay between the incoming and outgoing time domain symbols. 

4. The system of claim 1 , further comprising: 

a FIFO memory receiving the outgoing time domain symbols; 

a subtractor arranged for subtracting the outgoing time domain symbols from 
output of the FIFO memory; 

a filter receiving output of the subtractor and enabled only during said 
predetermined time interval from an end of each outgoing time domain symbol; and 

an adder receiving the output of the filter and said incoming time domain 
symbols. 
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It is certified that an error appears or errors appear in the above-identified patent and that 
said Letters Patent is hereby corrected as shown below: 

5. The system of claim 4, wherein the FIFO mehnory has a size for storing 
only a beginning portion of each outgoing time domain symbol, is write-enabled during 
said predetermined time interval from the beginning of each outgoing time domain 
symbol, and read-enabled during said predetermined time interval from the end of each 
outgoing time domain symbol. 

6. In a digital subscriber line (DSL) transmission system in which at least a 
first outgoing symbol and a second outgoing symbol are successively transmitted, at 
least one incoming symbol is received, and an echo of the first outgoing symbol and an 
echo of the second outgoing symbol are successively received as part of an echo signal, 
a method comprising an act of: 

(A) making sub-carriers of a first portion of the echo signal, the first portion 
being less than all of the echo signal, orthogonal to sub-carriers of the at least one 
incoming symbol by replacing a the first portion of the echo of the second outgoing 
symbol with an estimation of a first portion of the echo of the first outgoing symbol. 

8. The method of claim 7 wherein: 

the first outgoing symbol and the second outgoing symbol have a same total 
length; and the length of the first portion of the echo of the second outgoing symbol and 
the first portion of the echo of the first outgoing symbol does not exceed 5% of the total 
length. 
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15. In a digital subscriber line (DSL) transmission system in which at least a 
first outgoing symbol and a second outgoing symbol are successively transmitted, at 
least one incoming symbol is received, and an echo of the first outgoing symbol and an 
echo of the second outgoing signal are successively received as part of an echo signal, 
an apparatus comprising: 

a circuit to make sub-carriers of a first portion of the echo signal, the first portion 
being less than all of the echo signal, orthogonal to sub-carriers of the at least one 
incoming symbol, the circuit operative to replace a the first portion of the echo of the 
second outgoing-symbol with an estimation of a first portion of the echo of the first 
outgoing symbol 
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ABSTRACT 



A digital subscriber line transmission system comprising an 
IFFT circuit generating successive outgoing time domain 
symbols on a subscriber line from respective groups of 
digital frequency domain coefficients; an FFT circuit gen- 
erating groups of digital frequency domain coefficients from 
respective incoming time domain symbols received on the 
subscriber line, a current incoming symbol being delayed 
with respect to a current outgoing symbol by a predeter- 
mined time interval; and circuitry for, during an end portion 
of a current incoming symbol, subtracting from the signal 
received on the subscriber line an estimated echo obtained 
by a filter from a signal portion following the end of the 
current outgoing symbol, and adding thereto, through said 
filter, a beginning portion of the current outgoing symbol, 
wherein said portions have a duration at least equal to said 
predetermined time interval. 

23 Claims, 4 Drav^^ing Sheets 
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is shorter than the maximum value, it is possible to corre- 
spondingly reduce the number of weighting coefiScients to 
calculate. 

FIG. 7 schematically shows an embodiment of a circuit 
implementing the principle described in relation with FIG. 6. 5 
The outgoing time domain symbols S, i.e. the output OUT 
of IFFT circuit 14 of FIG. 1, are provided to a digital delay 
Hne 80 which introduces a delay of one symbol. The 
outgoing symbols S are also subtracted from the output of 
the delay line 80 by a subtractor 82. Subtracter 82 thus lO 
provides the difference between an outgoing symbol Sn and 
the next outgoing symbol Sn+1 . This difference is provided 
to an FIR filter 84 which is adjusted to have the estimated 
transfer function h* of the local echo generation. 

As previously mentioned, filter 84 is designed to operate 15 
only on a number of samples corresponding to delay 6 or the 
maximum value thereof. When filter 84 does not receive 
samples for which an echo should be estimated, it is held at 
a reset state so that it provides value zero. An exemplary 
reset signal RST is illustrated in FIG. 6. It is inactive from 20 
the beginning of each outgoing symbol for a duration 
corresponding to the maximum value of delay 6. 

In fact, with the structure of FIG. 7, filter 84 estimates the 
echo of the difference of two symbol portions (the subtrac- 
tion is achieved by element 82 before the filter) which, since 25 
the filter is linear, is equivalent to the subtraction of the 
echoes of the two portions. 

The output of filter 84 is provided to an adder 86 which 
also receives the incoming symbols S* affected by the 
non-orthogonal echo. Adder 86 provides the input signal IN' 30 
of FFT circuit 18, which signal has the desired orthogonal 
echo. 

The necessary weighting coefficients for filter 84 are 
provided by a calculating element 88 which implements a 
conventional echo -canceller algorithm using the input and 35 
output signals IN and OUT. Since this calculation algorithm 
does not depend on the output of the filter, the calculation 
may continue even during the periods when filter 84 is 
inactive. The weighting coefficients being evaluated by 
successive iterations, this permanent operation of the algo- 40 
rithm will allow a faster convergence of the weighting 
coefficients, especially at start-up of the system. 

Since filter 84 is operative only during short time periods, 
at the beginning of each outgoing symbol, it is not necessary 
to store a whole symbol in delay line 80. Delay line 80 may 45 
be chosen of a size adapted to storing only the necessary 
portion of each symbol. In this case, delay line 80 is enabled 
only during the periods when the reset signal RST of the 
filter is inactive. 

For sake of clarity, conventional cyclic prefixes were not 50 
considered in the above description. Such prefixes are how- 
ever used most of the time. 

In FIG. 8, cyclic prefixes CP are added to the symbols. 
ITiis figure shows the incoming signal IN affected by the 
echo of the outgoing signal. A current incoming symbol S'n 55 
overlaps the echo of the current outgoing symbol Sn and of 
the prefix of the next outgoing symbol Sn+1. In this case, it 
is the echo of the prefix of the next outgoing symbol that is 
replaced by the echo of the begirming portion of the current 
outgoing symbol. 60 

In fact, as a general rule for signals with or without cyclic 
prefixes, the echo portion coming after the echo of an 
outgoing symbol is replaced by the echo of the beginning 
portion of the outgoing symbol. 

The delay line 80 is in fact a FIFO memory which is write 65 
enabled at least for time 6 from the begiiming of each 
outgoing symbol and read enabled when filter 84 is opera- 
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tive, i.e. for at least time 6 from the end of each outgoing 
symbol. Corresponding write, read, and reset signals W, R, 
RST are shown in FIG. 8. 

Such alterations, modifications, and improvements are 
intended to be part of this disclosure, and are intended to be 
within the spirit and the scope of the invention. Accordingly, 
the foregoing description is by way of example only and is 
not intended to be limiting. The invention is limited only as 
defined in the following claims and the equivalents thereto. 

What is claimed is: 

1. A digital subscriber line transmission system compris- 
ing; 

an inverse fast Fourier transform circuit generating suc- 
cessive outgoing time domain symbols without cyclic 
suffixes on a subscriber line from respective groups of 
digital frequency domain coefficients; 

a fast Fourier transform circuit generating groups of 
digital fi*equency domain coefficients from respective 
incoming time domain symbols received on the sub- 
scriber line, a current incoming symbol being delayed 
with respect to a current outgoing symbol by a prede- 
termined time interval; and 

a processing circuit for making sub-carriers of a local 
echo of the outgoing time domain symbols orthogonal 
to sub-carriers of the incoming time domain symbols, 
said processing circuit comprising means for adding to 
said incoming time domain symbols an estimated echo 
obtained by filtering the difference between a signal 
portion following the end of the current outgoing 
symbol and a begirming portion of the current outgoing 
symbol, wherein said portions have a duration at least 
equal to said predetermined time interval. 

2. The system of claim 1, whereinvthe filter is a finite 
impulse response filter having a size adapted for processing 
samples of.tiie-symbols only during said predetermined time 
interval, comprising means for continuously calculating 
filter coefficients from|the -signals received and transmitted 
on the subscriber line. 

3. The system of claim 1, wherein the predetermined time 
interval is equal to a maximum delay between the incoming 
and outgoin'^jjpmbSls. 

4. The system of claim 1, fiirther comprising: 

a FIFO memory receiving the putgoing^symbols; 

a subtractor arranged for subtracting the outgoing ^sym- 
bol silrom"Jh^out{^^ of the FIFO memory; 
^^aic|:^'filter recefiving'^tte butput of the subtractor and 

~ enabled only during said predetermined time interval 
from the end of each outgoing symbol; and 

an adder receiving the output of the filter and said 
incoming;^syhibbls. 

5. The system of claim 4, wherein the FIFO memory has 
a size for storing only the begirming portion of each outgo-^ 
ing symbol, is write-enabled during said predetermined time 
interval from the begirming of each outgoi]^|^ymbol, and 
read-enabled during said predetermined time interval from 
the end of each outgoing pmbol 

6. In a digital subscriber line pSL) transmission system 
in which at least a first outgoing symbol and a second 
outgoing symbol are successively transmitted, at least one 
incoming symbol is received, and an echo of the first 
outgoing symbol and an echo of the second outgoing symbol 
are successively received as part of an echo signal, a method 
comprising an act of: 

(A) making sub-carriers of Jhcfiecho signal; orthogonal to 
sub-carriers of the at least one incoming symbol by 
replacing "a^ first portion of the echo of the second 
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outgoing symbol with the an estimation of a first 
portion of the echo of the first outgoing symbol. 

7. The method of claim 6 wherein the first portion of the 
echo of the second outgoing signal and the first portion of 
the echo of the first outgoing symbol have a same length that 5 
is less than or equal to a maximum delay between transmit- 
ted and received symbols. 

8. The method of claim 7 wherein: 

each of the first outgoing symbol and the second outgoing 
symbol have a same total length; and lO 

the length of the first portion of the echo of the second 
outgoing symbol and the first portion of the echo of the 
first outgoing symbol does not exceed 5% of the total 
length. 

9. The method of claim 6 wherein the act A) comprises 15 
acts of: 

Al) obtaining a difference between a first portion of the 
first outgoing symbol and a first portion of the second 
outgoing symbol; 

A2) applying an estimated transfer function of echo 20 
generation to the difierence to generate an echo com- 
pensation signal; and 

A3) adding the echo compensation signal to at least the 
first portion of the echo of the second outgoing symbol. 

10. The method of claim 9, wherein the act Al) includes 25 
an act of: 

applying a one symbol delay to at least the first and 
second outgoing symbols. 

11. The method of claim 10, wherein the act A2) includes 

an act of: 30 
passing the difierence through a finite impulse response 
filter having the estimated transfer fiinction of the echo 
generation. 

12. The method of claim 10, wherein the act A2) includes 

an act of 35 
calculating the estimated transfer function based at least 
on a plurality of outgoing symbols and a plurality of 
incoming symbols. 

13. The method of claim 12, wherein each outgoing 
symbol and each incoming symbol has a total symbol length, 40 
and wherein the act of calculating the estimated transfer 
function includes an act of: 

calculating the estimated transfer function based only on 
a portion of the total symbol length. 

14. The method of claim 13, wherein the act of calculating 45 
the estimated transfer fiinction includes an act of calculating 
the estimated transfer function based on approximately 5% 

of a total number of samples of each symbol. 

15. In a digital subscriber line (DSL) transmission system 

in which at least a first outgoing symbol and a second 50 
outgoing symbol are successively transmitted, at least one 
incoming symbol is received, and an echo of the first 
outgoing symbol and an echo of the second outgoing signal 
are successively received as part of an echo signal, an 
apparams comprising: 
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a circuit to make sub-carriers of^thfrecho signalsjOEthogo- 
nal to sub-carriers of the at least one incoming symbol, 
the circuh operative to replacg^a^first portion of the echo 
of the second outgoing symbol with an estimation of a 
first portion of the echo of the first outgoing symbol. 

16. The apparatus of claim 15, wherein the first portion of 
the echo of the second outgoing signal and the first portion 
of the echo of the first outgoing symbol have a same length 
that is less than or equal to a maximum delay between 
transmitted and received symbols. 

17. The apparatus of claim 16, wherein: 

the first outgoing symbol and the second outgoing symbol 

have a same total length; and 
the length of the first portion of the echo of the second 

outgoing signal and the first portion of the echo of the 

first outgoing symbol does not exceed 5% of the total 

length. 

18. The apparatus of claim 15, wherein the circuit is 
configured to: 

obtain a difierence between a first portion of the first 

outgoing symbol and a first portion of the second 

outgoing symbol; 
apply an estimated transfer function of echo generation to 

the difference to generate an echo compensation signal; 

and 

add the echo compensation signal to at least the first 
portion of the echo of the second outgoing symbol. 

19. The apparatus of claim 18, wherein the circuit 
includes at least one delay unit configured to apply a one 
symbol delay to at least the first and second outgoing 
symbols, 

20. The apparatus of claim 19, wherein the circuit further 
includes a finite impulse response filter, coupled to the at 
least one delay unit and having the estimated transfer 
fimction of the echo generation, to process the difference. 

21. The apparatus of claim 20, wherein the circuit further 
includes at least one calculating unit configured to calculate 
the estimated transfer function based at least on a plurality 
of outgoing symbols and a plurality of incoming symbols. 

22. The apparatus of claim 21, wherein each outgoing 
symbol and each incoming symbol has a total symbol length, 
and wherein the at least one calculating unit is configured to 
calculate the estimated transfer fimction based only on a 
portion of the total symbol length. 

23. The apparatus of claim 22, wherein the at least one 
calculating unit is configured to calculate the estimated 
transfer fiinction based on approximately 5% of a total 
number of samples of each symbol. 

***** 
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Amendment, filed 03/17/06, has been entered. 



Drawings 



1. 



The drawings were received on 3/17/06. These drawings are approved. 



EXAMINER'S AMENDMENT 



2. An examiner's amendment to the record appears below. Should the changes and/or 
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 
1 .312. To ensure consideration of such an amendment, it MUST be submitted no later than the 
payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview with 
Daniel P. McLoughlin on 4/12/06. 

The application has been amended as follows: 
Claims 1-6, 9-17 and 20-27 have been amended per Attachment A. 

Note. Claims have been amended to eliminate the antecedent issues and to avoid reading on the 
Admitted Prior Art. 



Allowable Subject Matter 



3. 



Claims 1-6, 9-17 and 20-27 are allowed. 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Dmitry Levitan whose telephone number is (571) 272-3093. The 
examiner can normally be reached on 8:30 to 4:30. 
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Art Unit: 2616 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Doris To can be reached on (571) 272-7529. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 




Dmitry Levitan 
Examiner 
Art Unit 2616 
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Attachment A. 

1 . A digital subscriber line transmission system comprising: 

an inverse fast Fourier transfom circuit generating successive outgoing time domain 

symbols without cyclic suffixes on a subscriber line from respective groups of digital frequency 

domain coefficients; 

a fast Fourier transform circuit generating groups of digital frequency domain 
coefficients from respective incoming time domain symbols received on the subscriber line, a 
current incoming symbol being delayed with respect to a current outgoing symbol by a 
predetermined time interval; and 

a processing circuit for making sub-carriers of a local echo of the outgoing time domain 
symbols orthogonal to sub-carriers of the incoming time domain symbols, said processing circuit 
comprising means for adding to said incoming time domain symbols an estimated echo obtained 
by filtering the difference between a signal portion following the end of the current outgoing 
symbol and a beginning portion of the current outgoing symbol, wherein said portions have a 
duration at least equal to said predetermined time interval. 

2. The system of claim 1 , whoroin tho filtor ia further comprising! 

a finite impulse response filter having a size adapted for processing samples of the 
putfipina time domain symbols only during said predetermined time interval, comprising means 
for continuously calculating filter coefficients from the outgoing time domain signals received 
and transmitted on the subscriber line. 

3. The system of claim 1, wherein the predetermined time interval is equal to a 
maximum delay between the incoming and outgoing time domain symbols. 

4. The system of claim 1, further comprising: 

a FIFO memory receiving the outgoing time domain symbols; 

a subtractor arranged for subtracting the outgoing time domain symbols from the output 
of the FIFO memory; 

flai4 a filter receiving ^ output of the subtractor and enabled only during said 



predetermined time interval from the ^ end of each outgoing timg domain symbol; and 
an adder receiving the output of the filter and said incoming time domain symbols. 

5. The system of claim 4, wherein the FIFO memory has a size for storing only the a 
beginning portion of each outgoing time domain symbol, is write-enabled during said 
predetermined time interval from the beginning of each outgoing time domain symbol, and read- 
enabled during said predetermined time interval from the end of each outgoing time domain 
symbol. 

6. In a digital subscriber line (DSL) transmission system in which at least a first 
outgoing sjTubol and a second outgoing symbol are successively transmitted, at least one 
incoming symbol is received, and an echo of the first outgoing symbol and an echo of the second 
outgoing symbol are successively received as part of an echo signal, a method comprising an act 

of: 

(A) making sub-carriers of a first portion of the echo signa l the first portion being 
less than all of the echo sienaL orthogonal to sub-carriers of the at least one incoming symbol by 
replacing a tfie first portion of the echo of the second outgoing symbol with an estimation of a 
first portion of the echo of the first outgoing symbol. 

7. (Canceled) 

8. (Canceled) 

9. The method of claim 6 wherein the first portion of the echo of the second 
outgoing signal and the first portion of the echo of the first outgoing symbol have a same length 
that is less than or equal to a maximum delay between transmitted and received symbols. 

1 0. The method of claim 9 wherein: 

g QOh of the first outgoing symbol and the second outgoing symbol have a same total 
length; and 
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the length of the first portion of the echo of the second outgoing symbol and the first 
portion of the echo of the first outgoing symbol does not exceed 5% of the total length. 

1 1 . The method of claim 6 wherein the act A) comprises acts of: 

Al) obtaining a difference between a first portion of the first outgoing symbol and 
a first portion of the second outgoing symbol; 

A2) applying an estimaied transfer function of echo generation to the difference to 
generate an echo compensation signal; and 

A3) adding the echo compensation signal to at least the first portion of the echo of 
the second outgoing symbol 

12. The method of claim 1 1, wherein the act Al) includes an act of: 
applying a one symbol delay to at least the first and second outgoing symbols. 

13. The method of claim 12, wherein the act A2) inchides an act of; 

passing the difference through a finite impulse response filter having the estimated 
transfer function of the echo generation. 

14. The method of claim 12, wherein the act A2) includes an act of; 
calculating the estimated transfer function based at least on a plurality of outgoing 

symbols and a plurality of incoming symbols. 

15. The method of claim 14, wherein each outgoing symbol and each incoming 
symbol has a total symbol length, and wherein the act of calculating the estimated transfer 
function includes an act of; 

calculating the estimated transfer Sanction based only on a portion of the total symbol 

length. 

16. The method of claim 1 5, wherein the act of calculating the estimated transfer 
function includes an act of calculating the estimated transfer function based on approximately 
5% of a total number of samples of each symbol. 
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UNOFFICIAL INFORMAL COMMUNICATION 



VIA Facsimile Transmission 
(571) 273-3093 

April 12, 2006 

Examiner: Dmitry Levitan 
Art Unit: 2662 

United States Patent and Trademark Office 
Alexandria, Virginia 22313-1450 

Re: U.S. Patent Application Serial No.: 09/517,417 
Confirmation No: 4387 

Titled: DSL TRANSMISSION SYSTEM WITH MEANS FOR ENSURING 

LOCAL ECHO ORTHOGONALITY 
Filed: amRCH2,2000 
Attorney Docket No.: S1022.800316US00 

Dear Examiner Levitan: 

We appreciate your courtesy in contacting us today regarding the proposed amendments 
that we submitted on April 11, 2006. 

Per your request, we have further amended claims 6 and 17 below to make clear that the 
first portion of the echo signal is less than all of the echo signal. Should these amendments be 
acceptable, you are hereby authorized to enter the amendments by Examiner's Amendment. If 
any of the changes are unacceptable, or if any further changes are necessary, please contact me to 
discuss them further. 

Very truly yours, 



Daniel P. McLoughlin 
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Proposed Claim Amendments 



1 . A digital subscriber line transmission system comprising: 

an inverse fast Fourier transform circuit generating successive outgoing time domain 
symbols without cyclic suffixes on a subscriber line from respective groups of digital frequency 
domain coefficients; 

a fast Fourier transform circuit generating groups of digital frequency domain 
coefficients from respective incoming time domain symbols received on the subscriber line, a 
current incoming symbol being delayed with respect to a current outgoing symbol by a 
predetermined time interval; and 

a processing circuit for making sub-carriers of a local echo of the outgoing time domain 
symbols orthogonal to sub-carriers of the incoming time domain symbols, said processing circuit 
comprising means for adding to said incoming time domain symbols an estimated echo obtained 
by filtering the difference between a signal portion following the end of the current outgoing 
symbol and a beginning portion of the current outgoing symbol, wherein said portions have a 
duration at least equal to said predetermined time interval. 

2. The system of claim 1 , wher e in the filter is fiirther comprising: 

a finite impulse response filter having a size adapted for processing samples of the 
outgoing time domain symbols only during said predetermined time interval, comprising means 
for continuously calculating filter coefficients from the outgoing time domain signals received 
and transmitted on the subscriber line. ' 

3. The system of claim 1, wherein the predetermined time interval is equal to a 
maximum delay between the incoming and outgoing time domain symbols, 

4. The system of claim 1, ftirther comprising: 

a FIFO memory receiving the outgoing time domain symbols: 

a subtractor arranged for subtracting the outgoing time domain symbols from iie output 
of the FIFO memory; 

said a filter receiving the output of the subtractor and enabled only during said 
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predetermined time interval from the m end of each outgoing time domain symbol; and 
an adder receiving the output of the filter and said incominR time domain symbols. 

5. The system of claim 4, wherein the FIFO memory has a size for storing only the a 
beginning portion of each outgoing time domain svmboL is write-enabled during said 
predetermined time interval from the beginning of each outgoing time domain symbol, and read- 
enabled during said predetermined time interval from the end of each outgoing time domain 
symbol. 

6. In a digital subscriber line (DSL) transmission system in which at least a first 
outgoing symbol and a second outgoing symbol are successively transmitted, at least one 
incoming symbol is received, and an echo of the first outgoing symbol and an echo of the second 
outgoing symbol are successively received as part of an echo signal, a method comprising an act 
of: 

(A) making sub-carriers of a first portion of the echo signa l the firsf portion being 
less than all of the echo signal orthogonal to sub-carriers of the at least one incoming symbol by 
replacing a the first portion of the echo of the second outgoing symbol with an estimation of a 
first portion of the echo of the first outgoing symbol 

7. (Canceled) 

8. (Canceled) 

9. The method of claim 6 wherein the first portion of the echo of the second 
outgoing signal and the first portion of the echo of the first outgoing symbol have a same length 
that is less than or equal to a maximum delay between transmitted and received symbols. 

1 0. The method of claim 9 wherein: 

each of the first outgoing symbol and the second outgoing symbol have a same total 
length; and 
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the length of the first portion of the echo of the second outgoing symbol and the first 
portion of the echo of the first outgoing symbol does not exceed 5% of the total length. 

1 1 . The method of claim 6 wherein the act A) comprises acts of: 

Al) obtaining a difference between a first portion of the first outgoing symbol and 
a first portion of the second outgoing symbol; 

A2) applying an estimated transfer function of echo generation to the difference to 
generate an echo compensafion signal; and 

A3) adding the echo compensation signal to at least the first portion of the echo of 
the second outgoing symbol. 

12. The method of claim 11, wherein the act Al) includes an act of: 
applying a one symbol delay to at least the first and second outgoing symbols. 

13. The method of claim 12, wherein the act A2) includes an act of: 

passing the difference through a finite impulse response filter having the estimated 
transfer function of the echo generation. 

14. The method of claim 12, wherein the act A2) includes an act of: 
calculating the estimated transfer ftmction based at least on a pluraHty of outgoing 

symbols and a plurality of incoming symbols. 

15. The method of claim 14, wherein each outgoing symbol and each incoming 
symbol has a total symbol length, and wherein the act of calculating the estimated transfer 
ftinction includes an act of: 

calculating the estimated transfer function based only on a portion of the total symbol 

length. 

16. The method of claim 15, wherein the act of calculating the estimated transfer 
function includes an act of calculating the estimated transfer ftinction based on approximately 
5% of a total number of samples of each symbol. 
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17. In a digital subscriber line (DSL) transmission system in which at least a first 
outgoing symbol and a second outgoing symbol are successively transmitted, at least one 
incoming symbol is received, and an echo of the first outgoing symbol and an echo of the second 
outgoing signal are successively received as part of an echo signal, an apparatus comprising: 

a circuit to make sub-carriers of a first portion of the echo signa l the first portion being 
less than all of the echo signal orthogonal to sub-carriers of the at least one incoming symbol, 
the circuit operative to replace a^he first portion of the echo of the second outgoing-symbol with 
an estimation of a first portion of the echo of the first outgoing symbol. 

18. (Canceled) 

19. (Canceled) 

20. The apparatus of claim 17, wherein the first portion of the echo of the second 
outgoing signal and the first portion of the echo of the first outgoing symbol have a same length 
that is less than or equal to a maximum delay between transmitted and received symbols. 

2 1 . The apparatus of claim 20, wherein: 

the first outgoing symbol and the second outgoing symbol have a same total length; and 
the length of the first portion of the echo of the second outgoing signal and the first 
portion of the echo of the first outgoing symbol does not exceed 5% of the total length. 

22. The apparatus of claim 17, wherein the [[a]] circuit is configured to: 

obtain a difference between a first portion of the first outgoing symbol and a first portion 
of the second outgoing symbol; 

apply an estimated transfer function of echo generation to the difference to generate an 
echo compensation signal; and 

add the echo compensation signal to at least the first portion of the echo of the second 
outgoing symbol 
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23. The apparatus of claim 22, wherein the a circuit includes at least one delay unit 
configured to apply a one symbol delay to at least the first and second outgoing symbols. 

24. The apparatus of claim 23, wherein the [[a]] circuit further includes a finite 
impulse response filter, coupled to the at least one delay unit and having the estimated transfer 
function of the echo generation, to process the difference. 

25. The apparatus of claim 24, wherein the [[a]] circuit further includes at least one 
calculating unit configured to calculate the estimated transfer fijnction based at least on a 
plurality of outgoing symbols and a plurality of incoming symbols. 

26. The apparatus of claim 25, wherein each outgoing symbol and each incoming 
symbol has a total symbol length, and wherein the at least one calculating unit is configured to 
calculate the estimated transfer function based only on a portion of the total symbol length. 

27. The apparatus of claim 26, wherein the at least one calculating unit is configured 
to calculate the estimated transfer function based on approximately 5% of a total number of 
samples of each symbol. 
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En tant que Tinventeur nomme ci-apres, je declare par le 
present acte que: 



As a below named inventor, I hereby declare that: 



Mon donfiicilc, mon adresse postaie, et ma nationalite sont 
ceux figurant ci-dessous k cotd de mon nom. 

Je crois etre le premier inventeur original et unique (si un 
seul nom est mentionne ci-dessous), ou Tun des premiers co- 
inventeurs originaux (si plusieurs noms sont mentionn^s ci- 
dessous) de Tobjet revendique, pour lequel une demande de 
brevet a 6t6 ddposee concemant I'invention intitulde: 



My residence, post office address and citizenship are as 
stated next to. my name. 

I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject 
matter which is claimed and for which a patent is sought 
on the invention entitled 



DSL TRANSMISSION SYSTEM WITH MEANS FOR ENSURING LOCAL ECHO ORTHOGONALITY 



et dont la description est foumie ci-joint k moins que la case 
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compris le contenu de la description ci-dessus, 
revendications comprises, telles que modifiees par toute 
modification dont il aura ti6 fait rdf^rence ci-dessus. 



I hereby state that I have reviewed and understand the 
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Nom comi)lc|^u second co-inventeur, Ic cas dchiant 

3^^^R!0iP?^pTbinas 



Full name of second or joint inventor 



Sion^mjce de 1* inventeur 




Date 



Inventor's signature 



Date 



I7^n^ 2ax) 



Domicile 

977 53 LULEA, SWEDEN 



Residence 



Nationality 

Swedish 



Citizenship 



Adrcssc Postale 

Praktikahtvagen 8 



Post Office Address 



(Fournir les mcmes renseignements et la signature de tout co-inventeur 
supplcmentaire.) 



(Supply similar information and signature for third and sub-sequent jomt 
inventors.) 
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